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过 C646 和 C647 位点的棕榈酰化可以将 STREX 结构域锚定在质膜上。因此，我




物对野生型 BKCa 通道 (BKCa(WT)) 和棕榈酰化位点突变的 BKCa 通道
(BKCa(C646:647A))的作用差异，发现白附子脑苷脂混合物及其单体，还有硫酸







别构建了野生型的 STREX 片段和棕榈酰化位点突变的 STREX 片段与 GFP 的融

















STREX-GFP 的细胞之后，也发现 STREX 片段在质膜周围的分布减少。这一结
果进一步证实了棕榈酰化作用可以将 STREX 片段锚定在质膜上，从而促进了质
膜上的脑苷脂与胞质内的 STREX 结构域发生相互作用。 






































Baifuzi（Typhonium giganteum Engl.）, as a kind of traditional Chinese medicine, 
has long been used for the treatment of brain diseases. In previous study, we have 
shown that the ethanol extract of Baifuzi plays significant neuronal protective role in 
the rat middle cerebral artery occlusion (MCAO) model of ischemic stroke. The BKCa 
channel is the molecular target of Baifuzi and Baifuzi cerebroside (Baifuzi-CB) is the 
active component of Baifuzi in activating the BKCa channel. Besides, we have shown 
that sulphatides and termitomycesphins A and B (pure cerebrosides from edible 
mushroom T. albuminosus) could also activate the BKCa channel. Further study found 
that there exsits a common characteristic for these cerebrosides activating BKCa 
channel: the STREX domain is necessary for these cerebrosides to activate the BKCa 
channel. Through a protein lipid overlay (PLO) assay, we found there existed a direct 
interaction between Baifuzi-CB and the STREX domain of the BKCa channel, 
suggesting that there may be the interaction sites located in the STREX domain. 
STREX domain is located in the intracellular C terminus within the linker region 
between the two regulators of potassium conductance (RCK) domains of the BKCa 
channel, while cerebroside is a kind of membrane lipid. Intriguingly, how could 
cerebrosides in the plasma membrane interact with the STREX domain in the 
cytoplasmic side? 
It has been reported that the STREX domain targets to the plasma membrane by 
palmitoylation of its two continuous cysteine residues C646 and C647. Therefore, we 
infer that cerebrosides in the plasma membrane could only interact with the 
palmitoylated STREX domain associated with the membrane, which in turn activates 
the BKCa channel. In the present study, we applied multiple techniques involving 
palmitoylation site mutation, patch clamp technology and fluorescent imaging assay 
to test the above inference. 
Firstly, we compared the effects of cerebrosides on both wild type BKCa(WT) 
channels and palmitoylation sites removed BKCa(C646:647A) channels by using 
patch-clamp technique, effects of 10 μM Baifuzi-CB, single CB or sulphatides on the 
BKCa channel were studied by measuring single channel currents in CHO cells 















to the intracellular face of the membrane increased the BKCa(WT) channel activity in 
the most patch membranes. In contrast, they no longer or only weakly activated the 
BKCa(C646:647A) channel. These results suggest that mutations of palmitoylation 
sites in STREX domain abolished the BKCa channel activation by the cerebrosides. 
Secondly, we pretreated CHO cells transfected the wild-type BKCa channel with 
palmitoylation inhibitor, then record single channel currents to test the effect of 
palmitoylation on the activating by cerebrosides. The results showed that both 
palmitic acid analog 2-BP and palmitoylation inhibitor TM could abolish the ability of  
cerebrosides including Baifuzi-CB, single CB or sulphatides to activate the BKCa 
channel.  
Thirdly, to examine whether the STREX fragment alone could target to the 
plasma membrane by palmitoylation, we generated STREX(WT)-GFP and 
STREX(C646:647A)-GFP constructs, then transfected them into both CHO cells and 
HEK 293 cells. Use of confocal microscope, we found wild-type STREX domain 
could target to the plasma membrane, while the STREX(C646:647A)-GFP mutant 
resulted in cytoplasmic distribution. After pretreated cells with palmitoylation 
inhibitors, the STREX domain could not target to the plasma membrane. The results 
further confirmed that palmitoylation of the STREX domain is required for its 
association with the membrane, thus may facilitate the interaction between 
cerebrosides in the plasma membrane with the STREX domain in the cytoplasmic 
side.  
Taken together, we have demonstrated that palmitoylation of the STREX domain 
is necessary for cerebrosides to activate the BKCa channel. This research proposed a 
molecular mechanism of how Baifuzi cerebroside activates the BKCa channel and 
provided a theoretical basis for the clinical application of traditional Chinese medicine 
Baifuzi on ischemic stroke. 
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脂脂肪酸侧链均含偶数个碳（C），其中含 C16，C18，C20 脂肪酸的占 80%以上。
膜脂的脂肪酸侧链可含 1~6 个不饱和键，但是，含饱和酰链/不饱和酰链的比值













紫质嵌入膜的疏水部分均含有 7 个 α-螺旋结构片段。大肠杆菌β半乳糖苷透酶

















图 1.1 膜蛋白在生物膜中的分布（杨福愉，2005） 





hydrophobic mismatch） (Mouritsen et al，1984)，内在脂质曲率（ intrinsic lipid 
curvature）(Gruner，1985)或曲率抑止（curvature frustration）(Lee，2004)，双分子
层变形能量（bilayer deformation energy）(Huang，1986)，酰基链包装（acyl chain 
packing）(Fattal et al，1993)，双层自由体积（bilayer free volume）(Mitchell，1990)，
横向压力分布图（lateral pressure profile）(Cantor，1997)，脂质包装压力（lipid packing 
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